Lecture Notes

Movement Terminology
Instructions: Read through the lecture while watching the PowerPoint slide show that accompanies these notes. When you see the <ENTER> prompt, press enter for the slide show so that you can progress through the show in a manner that corresponds to these notes.

SLIDE 1: It is important to begin our semester by getting familiar with the movement terminology that will be very important to you this semester and throughout your careers. It is important that you understand and learn appropriate terminology so that you can communicate accurately with students and colleagues within the profession.  Imagine if some of us called blue what we universally acknowledge as blue while others of us called it red and others of us called it green; we would never be able to communicate.  So it is with movement terminology. The purpose of this lab is to review and learn in more detail the terminology used to describe motion of the body’s segments. <ENTER>

SLIDE 2: This slide show and the first laboratory are designed to cover content biomechanics related to Movement Terminology. Most of the content in this topic will be covered in lab, but this slide show is designed to review some old material from Human Anatomy and to present some new ideas to prepare you for the Movement Terminology Laboratory. You should have read the material listed on slide one before watching this slide show. You should also have completed the preliminary tasks described in Laboratory #1 – Movement Terminology. <ENTER>
SLIDE 3: In this lecture and lab, we will review 5 areas that you should already be familiar with from your Human Anatomy course <ENTER> : 1) Types of motion, <ENTER> 2) Reference systems, <ENTER> 3) Fundamental movements in the sagittal plane, <ENTER> 4) Fundamental movements in the frontal plane, and <ENTER> 5) Fundamental movements in the transverse plane.  We will begin our review with Types of Motion. <ENTER>

SLIDE 4: We have already been using the term “human movement” or “human motion.” Before we go any further, we need to define what is meant by the word motion. What is motion? <ENTER> Motion is defined as a change in position with respect to some reference frame. <ENTER> What causes motion? As we have already stated several times - <ENTER> FORCE!!!  We will first learn how to describe motion of human body segments and then we will study the forces behind human motion so that we can alter movement in a safe, effective, and efficient manner. <ENTER>
SLIDE 5: Now we can turn our attention to our first topic – Types of Motion. There are two basic types of motion in the physical world. It is very important that you know which type of motion you are trying to analyze before you begin. The first type of motion is linear motion. <ENTER> Your textbook gives you a rather wordy definition of linear motion, and while it is a good definition, I am going to simplify it even further. Linear motion can be defined as a “point moving in a line.” On the slide you can see two examples of linear motion. <ENTER> The first example is of the gymnast moving linearly through the air. The “point” of interest that is moving is the center of gravity (COG) of her body. <ENTER> In the second example, the ball is moving linearly through space. The “point” of interest that is moving is the COG of the ball. It is important to understand that when you observe and analyze linear motion, you should consider your object as a single point and focus on this point. We call this a “point model.” <ENTER> By focusing on a point of interest, you are able to remove from consideration any distracting movements. For example, by focusing on the gymnast’s COG, you can ignore the movements of her legs and arms. While these movements may ultimately be of interest, you must first be able to describe whether she is traveling far enough horizontally and vertically (linearly) to complete the skill. If she is, but she is not successful, then that will point you to one type of problem. If she is not, then your focus will be on a different type of problem. Back to our definition. We defined linear motion as a “point moving in a line.” We now understand the importance of treating the object as a point. The second thing we need to focus on are the words “moving in a line.” Linear motion can be <ENTER> rectilinear where the object moves in a straight line, or <ENTER> curvilinear where the object moves in a curved line. Can you find examples of each of these in the diagrams on the slide? <ENTER> Another word for linear motion is translation. If I ask you “how the body translated” I am essentially asking you how the body moved linearly. <ENTER> What role does the COG play in linear motion? Well, as in these two examples, the COG is usually what we use to represent the “point” of interest. Can you think of an example where this is not the case? <ENTER> 

SLIDE 6: The second type of motion is angular motion. <ENTER> To be able to describe angular motion, we use what is called a link model. <ENTER> The system or object of interest is represented as a rigid link (or rigid body), and graphically we do this with a line. In the first example, the system of interest is the lower leg. In the second example, the system of interest is the entire body of the gymnast. <ENTER> Again, your textbook gives you a rather wordy definition of angular motion, so I am going to simplify it for you. Where linear motion was defined as a “point moving in a line,” angular motion is defined as a “line moving around a point.” <ENTER> This point is called the “axis of rotation.” On the slide there are two examples of angular motion. <ENTER> In the first example the runner’s leg (the line) moves around his knee joint (the point or axis). <ENTER> In the second example, the gymnast’s body (the line) moves around the bar (the point or axis). Again, it is important to understand that when you observe and analyze angular motion, you should consider your object as a single line and focus on this line. There may be other lines moving, in other words other things rotating. There may even be linear motion going on, but you must decide what you are most interested in and focus on that movement only. While these other movements may ultimately be of interest, you must approach your analysis systematically, step-by-step. The first part of this process is describing the movement of interest. There are several other points we need to make. <ENTER> First, the axis may be fixed or moving. In the example of the runner, the axis (the joint) is moving linearly through space while simultaneously serving as an axis of rotation for the lower leg. In the example of the gymnast, the axis (the bar) is fixed. <ENTER> Another word for angular motion is rotation, so we will tend to use these words synonymously. <ENTER> What role does the COG play in linear motion? Well, the COG plays 2 roles in angular motion. In cases where the system is free to rotate about itself, the COG actually serves as the axis of rotation. In cases where the system is fixed to some other object to create an axis of rotation, the COG is the point we use to connect to the axis of rotation so that we can determine the length of our rigid link.  <ENTER> This concept is extremely important in quantitative analyses, and is also helpful to visualize in qualitative analyses where an approximation of the length of the rotating link is important. <ENTER> 

SLIDE 7: In most instances of human motion, both types of motion are occurring simultaneously (general motion).  A kinematic analysis may describe one or both types of motion.  It is important to know which type of motion is being analyzed. Oftentimes, we analyze the angular motion of body segments to understand the linear motion of the body as a whole.  Translation of the body as a whole during gait occurs by virtue of rotational motions taking place at the hip, knee, and ankle around imaginary ML axes of rotation. On the slide are two examples of general motion. In the example of the gymnast, the COG of the gymnast is moving curvilinearly as we discussed earlier. At the same time, the upper and lower body of the gymnast are rotating around the COG as she moves through the air linearly. Can you describe the linear and angular motion of the ball once it leaves the pitcher’s hand? Can you describe any linear movements of the runner and the gymnast on the high bar on the previous slide where we discussed angular motion? <ENTER>

SLIDE 8: To develop language so that we can observe and describe any type of motion, a reference system must be established (remember the definition of motion – a change in position with respect to some reference frame).  Since there are numerous positions and movements the human body can adopt and perform, the reference or baseline position is used to 

· reduce confusion,

· define positional and motion terms,

· identify position of the segment in space, and 

· identify whether motion has occurred.  

The reference system is arbitrarily established; however, it must be specified so that terminology and description of motion is understood. In functional anatomy, the reference system includes a starting position and the reference frame imposed on this starting position. In your Human Anatomy course, you learned about two starting positions that are used to define movement terminology in the human body: the Fundamental Standing Position and the Anatomical Standing Position. Qualitatively, the Anatomical Standing Position is an upright standing posture in which all joints, except the ankle, are extended so that all body segments form a straight line. The head faces forward, the arms are at the side of the trunk with the palms facing forward (the radioulnar joint or forearm is in a “supinated” position), and the legs are together with the feet pointing forward. All segmental movement descriptions are defined and made relative to this starting position. The Fundamental Standing Position is exactly like the anatomical position except that the palms face the body (the radioulnar joint or forearm is in a “neutral” position). <ENTER>

We can also describe these positions more quantitatively. Both of these positions are described using a relative systems (more on that in a later lecture). <ENTER> In both positions, all joints are considered to be in a zero degree position except the ankle and the forearm. In both positions, the ankle is considered to be at 90 degrees. In the Fundamental position, the forearm is at 0 degrees, or neutral, but in the Anatomical position, the forearm is supinated 90 degrees. With these starting positions, we can now establish a more precise reference system for defining movement terminology. <ENTER>
SLIDE 9: The reference frame imposed on the reference position consists of the 3 cardinal planes and their associated axes. Basically, a plane can be described as a pane of glass that the divides the body or a segment into two parts. The cardinal planes cut the body exactly in half. Each cardinal plane is associated with an infinite number of planes that pass through the body (sort of like a stack of paper, in which the cardinal plane is the sheet of paper that is in the middle of the stack. The intersection of the cardinal planes while in anatomical position is called the center of gravity. Each plane has its own axis of rotation. By definition, the axis runs perpendicular to the plane. Body segments or bones can move linearly in a plane if it actually moves parallel to the plane. Rotational movement also occurs in the plane (or parallel to the plane) and around its associated axis. The joint that is in the center of the surrounding moving segments is the axis. A movement term for the body or a segment is defined according to which of the three planes it is moving in. It is important to know that these terms are derived from the knowledge of planes and axes, and are defined according to the orientation of these planes and axes to the body. Any position can be described by identifying the distance the object (line or point) is from each of the three axes.  In advanced movement analysis, the planes and axes become the basis for quantitative analysis and thus the dominant system for research. 

<ENTER> The first plane that we will define is the sagittal plane, which divides the body into right and left portions. There are an infinite number of these planes that pass through the body, sort of like a stack of notebook paper. Therefore, the sagittal plane passes through each and every joint in the body. The axis that runs perpendicular to the sagittal plane is the mediolateral (ML) axis. When a segment rotates in the sagittal plane, it must spin around the ML axis. Try spinning or rotating your head about an ML axis that runs through your neck. Can you figure out what sagittal plane motion of the head is? <ENTER> Other names for the ML axis are the frontal axis, the bilateral axis, and the transverse axis. I will use ML axis in my lecture and on exams. <ENTER>
SLIDE 10: The second plane that we will define is the frontal plane, which divides the body into front and back portions. Again, there are an infinite number of these planes that pass through the body, so that a frontal plane passes through each and every joint in the body. The axis that runs perpendicular to the frontal plane is the anteroposterior (AP) axis. When a segment rotates in the frontal plane, it must spin around the AP axis. Try spinning or rotating your head about an AP axis that runs through your neck. Can you figure out what sagittal plane motion of the head is? <ENTER> Another name for the AP axis is the sagittal axis, though I will use AP axis in my lecture and on exams. <ENTER> 
SLIDE 11: The third plane that we will define is the transverse plane, which divides the body into upper and lower portions. Again, there are an infinite number of these planes that pass through the body, so that the transverse plane passes through each and every joint in the body. The axis that runs perpendicular to the transverse plane is the superior-inferior (SI) axis. When a segment rotates in the transverse plane, it must spin around the SI axis. Try spinning or rotating your head about an SI axis that runs through your neck. Can you figure out what transverse plane motion of the head is? <ENTER> Other names for the SI axis are the longitudinal axis and the vertical axis. I will use SI axis in my lecture and on exams. <ENTER>

SLIDE 12: We will now define the fundamental movements associated with each plane. The movements that we will describe for each plane are all rotational movements. That means that we must consider a segment as a line which rotates about some imaginary point or axis. In the human body, these axes are represented by the joints. For each plane, I am first going to identify the fundamental movements associated with that plane. Then, I will identify alternative names for these movements at various joints. Remember that all movements are defined starting from anatomical position. You will have an opportunity in lab to practice all of these movements. <ENTER>

SLIDE 13: In the sagittal plane, the fundamental movements are flexion <ENTER>, extension <ENTER>, and hyperextension <ENTER>. You should have already defined these for your lab. Again, you can picture these movements if you imagine a sheet of paper running through your head in the same way the sagittal plane runs through your body. Now place a pencil “through” your neck (the joint axis for rotation of the head) to simulate the ML axis for the sagittal plane. Try to rotate your head around the pencil (axis) in the paper (or parallel to the sagittal plane). Can you figure out which movements of the head are sagittal plane movements? Coupled with the definitions you already have, can you specifically identify which movement is flexion, which is extension, and which is hyperextension? One point I want to make is that hyperextension can be a normal movement, as it is at the spine, shoulder, and hip. Hyperextension simply refers to posterior movement beyond anatomical position. It is not necessarily an abnormal movement, unless of course you continue to hyperextend beyond the normal range of motion (ROM) for hyperextension, or attempt to hyperextend a joint that does not permit hyperextension. <ENTER> Hyperflexion is a term that is used to describe flexion of the shoulder beyond 180°. <ENTER> <ENTER> Plantar flexion and dorsiflexion are the terms used for extension and flexion at the ankle, respectively. <ENTER> One last point I would like to make is that you should not use flexion and extension to refer to muscle contraction, as in “I flexed my biceps brachii.” Muscles do not flex, they contract. When they contract, they may cause flexion of a particular joint, but flexion is a joint action, not a muscle contraction!!  <ENTER>
SLIDE 14: In the frontal plane, the fundamental movements are abduction <ENTER> and adduction <ENTER>. Again, you should have already defined these for your lab. Again, you can picture these movements if you imagine a sheet of paper running through your head in the same way the frontal plane runs through your body. Now place a pencil “through” your neck (the joint axis for rotation of the head) to simulate the AP axis for the frontal plane. Try to rotate your head around the pencil (axis) in the paper (or parallel to the fronttal plane). Can you figure out which movements of the head are frontal plane movements? Coupled with the definitions you already have, can you specifically identify which movement is abduction and which is adduction? <ENTER> <ENTER> Left and right lateral flexion are the terms used for frontal plane rotations of the spine, as shown in the diagram. <ENTER> Hyperabduction is a term that is used to describe abduction of the shoulder beyond 180°. <ENTER> Hyperadduction is a term that is used to describe adduction of the shoulder and hip beyond anatomical position. This movement is possible only when the shoulder or hip is slightly flexed first to put the arm or leg in front of the trunk. <ENTER> <ENTER> Radial and ulnar deviation are the terms used for abduction and adduction at the wrist, respectively. <ENTER> <ENTER> Finally, inversion and eversion are the terms used for frontal plane motion at the subtalar joint. These movements do not occur at the ankle joint. <ENTER> As you begin to learn these movements for each joint and practice observing them on your partner in lab, remember that you should always look at the plane and down the axis associated with that plane. In other words, when trying to observe frontal plane movements, you should place yourself in front of (or behind) the person, as shown in the picture on the slide. When you do this, you are looking at the frontal plane and right down the AP axis associated with the frontal plane. This will place you in the best position for observing movements in that plane. This same principle is true for the other planes as well. <ENTER>

SLIDE 15: In the transverse plane, the fundamental movements are <ENTER> medial and lateral rotation. Medial rotation is often called inward or internal rotation, and lateral rotation is often called outward or external rotation. Again, you should have already defined these for your lab. You can picture these movements if you imagine a sheet of paper running through your head in the same way the transverse plane runs through your body. Now place a pencil “through” your neck (the joint axis for rotation of the head) to simulate the SI axis for the transverse plane. Try to rotate your head around the pencil (axis) in the paper (or parallel to the transverse plane). Can you figure out which movements of the head are transverse plane movements? Coupled with the definitions you already have, can you specifically identify which movement is medial rotation and which is lateral rotation? <ENTER> That may be a little tricky since we don’t use the terms medial and lateral rotation to describe head motions. Instead, left and right rotation are the terms used for transverse plane rotation at the spine. <ENTER> Supination and pronation are the terms used for lateral and medial rotation at the radioulnar joint, respectively. These movements do not occur at the elbow joint. These movements are defined with the forearm in the neutral position (middle picture of the hand/forearm shown). <ENTER>
SLIDE 16: Two other transverse plane movements that can occur at the shoulder and hip joints are horizontal abduction and adduction. <ENTER> You must first flex the shoulder or the hip to 90°, then move the arm or leg in the transverse plane. <ENTER>
SLIDE 17: Please review the points on the next two slides. Make sure you ask me questions if you do not understand these points. <ENTER> <ENTER> <ENTER> <ENTER>
SLIDE 18: <ENTER>  <ENTER>  We will primarily be concerned with motion of the individual segments of the body in this lab.  This will lay the foundation for examining and understanding whole body movements in later classes.  Therefore, we must be familiar with segment names – head, trunk, arm (for upper arm), forearm, hand, thigh, shank (or lower leg), and foot.  It is important that we begin to use our terminology correctly.  In this class, we will be concerned primarily with the angular motions of segments about joint axes.  In other words, you must distinguish in your mind that when we talk about elbow flexion, we are saying that flexion occurs about or around the elbow, not that the elbow is flexing. The elbow allows flexion of the arm or forearm (or both simultaneously). It does not undergo flexion itself.  The elbow is one of several axes in the body that allows flexion.  Therefore, when you say you are flexing something, this is the active voice.  Segments are flexed; joints can be in flexed positions or allow flexion of a segment to occur.  It is also important (when possible) to specify which segment is being flexed. When you talk about elbow flexion, is the forearm moving toward the arm (as in a dumbbell curl), or is the arm moving towards the forearm (as in a pull-up). Or, are both segments moving simultaneously? 

Now you should be ready for the laboratory session on movement terminology. You will have the opportunity to practice movements at the major joints in the body to help you learn these movements. You will also have the opportunity to practice observing movements performed by someone else. Good luck!

<ENTER>

